Morphological and immunological findings of three dogs with primary lymphangiectasia are described and compared with three normal dogs. Scanning electron microscopy showed distended and fused intestinal villi in dogs with intestinal lymphangiectasia, and morphometric evaluation revealed deeper crypts in the small intestine of dogs with intestinal lymphangiectasia. Although plasma cells of all classes were diminished in the cranial parts of the small intestine, there was an absolute and relative increase of immunoglobulin G-containing plasma cells in the caudal small intestine in dogs with intestinal lymphangiectasia.
Intestinal lymphangiectasia has been found in people,37.43 ~ogs,4.7,9.~o.15.16.2~.2~.25.26.3~.31.33. 39 cattle,32 and nonhuman primates. 35 The term intestinal lymphangiectasia was used for the first time in 196143 while investigating enteral biopsies from 18 patients with hypoproteinemia that resulted from enteral protein loss. The major morphological change of this condition was dilatation of the intestinal lymphatic vessels. In the dog, 19 cases similar to those in man are de-sc~~e~~4,7.9.~~,15.16.21.22. 25.26,30.31.33.39 It is essential to distinguish the primary idiopathic form from the secondary form which is caused by obstruction of lymph flow due to infiltration of the lymphatic system with inflammatory or neoplastic cell^.^.^^^ 37 Prominent clinical features of intestinal lymphangiectasia are hypoproteinemia, hypogammaglobulinemia, and lymphocyto-~e n i a .~ In addition, abnormalities of the immune status are found in man. 2.36.40 This investigation describes the morphological and immunopathological findings in three dogs with primary intestinal lymphangiectasia.
Materials and Methods
Three male dogs (dogs 1-3) had normal appetite but exhibited loss of body weight and intermittent, therapy-resistant diarrhea. In dogs I and 2 diarrhea had been present since puppyhood. They were killed painlessly and necropsied. The breed and age of these dogs are given in table I. Three normal dogs (dogs 4-6) of the same age which have never had intestinal disturbances were used as controls.
Blood samples were taken before euthanasia, and white blood cell counts and serum protein levels were determined using standard laboratory procedures. Serum immunoglobulin content was quantified by radial immunodiffusion (Miles Laboratories, Elkhart, IN).14.29
A complete necropsy was done. Within a few minutes of death the intestine was fixed by intraluminal perfusion of 4% phosphate buffered formaldehyde saline solution (pH 7.4)." The duodenum, cranial jejunum, mid-jejunum, caudal jejunum, ileum, and colon were examined. In addition, samples of the mesenteric lymph nodes and all major internal organs were examined. Tissues were embedded in parafin, sectioned at 4 pm, and stained with hematoxylin and eosin.
For the demonstration of immunoglobulin A-, immunoglobulin G-and immunoglobulin M-containing plasma cells, an unlabeled antibody enzyme method was used as previously de~cribed.~' Formalin-fixed specimens from the six intestinal areas were postfixed with 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH = 7.6), and prepared for scanning electron microscopy using a thiocarbohydrazide procedure.28 After critical point drying' the tissue samples were covered with a thin layer of gold (1 0 pm) using a sputtering device.
Determination of villus and crypt length was conducted on ten longitudinally sectioned villi and corresponding crypts in each intestinal area.
For the enumeration of intestinal mucosal plasma cells the "mucosal tissue unit" was used.3 A 500 pm wide unit was projected onto the microscope image using a microscope drawing tube. Plasma cell numbers were determined in four mucosal units per tissue section counting four tissue sections for each plasma cell class and each intestinal area. The total number of immunoglobulin-containing plasma cells was calculated by summation of the number of immunoglobulin A-, immunoglobulin M-and immunoglobulin G-secreting plasma cells. Normal range 6.1-7.8" Ig = immunoglobulin.
Results
The results of the clinical pathology examination are summarized in table I. Dog 1 had marked hypoproteinemia and severe lymphocytopenia. The decrease of the serum protein levels in the other two dogs was less pronounced. While the immunoglobulin A content of the serum was decreased in all three dogs, low serum immunoglobulin G and immunoglobulin M levels were observed in dog 3 only.
On gross examination, all three dogs had a dilated small intestine filled with soft to watery, green feces.
The villi of the mucosa were white and clearly visible, and the dilated mesenteric lymphatic vessels contained a milky fluid. The mesenteric lymph nodes were enlarged, and milky fluid dripped from the cut surface. In addition, dog I had generalized edema, hydrothorax, and ascites. Multiple white firm nodules up to 5 mm in diameter were located at the mesenteric border of the small intestine.
Dilatation of the lymphatic vessels in the mucosa, submucosa, and serosa of the small intestine was equally pronounced in all three dogs. Lymphangiectasia was most severe in the cores of the villi. Several lymphatic vessels were filled with hyaline material and some contained thrombi. The nodules at the mesenteric border of dog 1 were granulomas with lipid-filled macrophages in the center.
Scanning electron microscopy revealed irregularly formed intestinal villi ( fig. 1 ). Fusion of the villi was observed occasionally. The tips of the villi were distended due to dilatation of the central lymphatic vessels The dogs with intestinal lymphangiectasia had lower total plasma cell counts in the cranial areas of the intestine and higher total plasma cell densities in the distal areas as compared to the normal dogs and therefore did not show a decline of the plasma cell numbers along the intestine ( fig. 4) . Furthermore, the proportion of immunoglobulin A-containing cells remained more or less constant along the small intestine in dogs with intestinal lymphangiectasia, but an increase of immunoglobulin G-secreting plasma cells was found in the caudal jejunum and ileum ( fig. 5 ). There was no obvious difference in the amount of other inflammatory cells such as macrophages or polymorphonuclear cells in the gut between normal and affected dogs.
Bluntly shaped and fused villi of the small bowel were observed in a Lundehund with intestinal lymphangiect a~i a ,~~ and we demonstrated the same lesion with scanning electron microscopy. Histologically, villus length of the cranial small intestine was shortened and the crypts were deeper than normal-suggesting an increased turnover of enterocytes.
Granulomatous lesions at the mesenteric border were Discussion observed in one dog only. The pathogenesis of this granuloma formation is not known, but it could be a The three dogs with intestinal lymphangiectasia pre-reaction to the chronic lymph stasis. Similar granusented in this paper had gross and histologic lesions lomas occurred in experimental chronic lymphatic obsimilar to those observed by other investigators.'* 16,*' struction in rats lacking lymphatic re~analization.~~ Experimental ligation of lymph vessels in the dog, however, did not cause an inflammatory reaction or granuloma formation.I2 Abnormalities in the immune status of patients with gammaglobulinemia, lymphocytopenia, decreased skin test reaction, and impaired homograft rejection have been r e p~r t e d .~.~~ One explanation for the immunological disorder in patients with intestinal lymphangiectasia may be the loss of immunoglobulin and lymphocytes into the gastrointestinal tract secondary to disorders of the lymphatic
This may lead to a defective immunosurveillance and to a predisposition of patients with intestinal lymphangiectasia to the development of lymphomas. 8. 1 9 9 4 4 The significance of the low serum immunoglobulin A concentration in all three dogs with intestinal lymphangiectasia is not known. A complete deficiency of immunoglobulin A was excluded by the demonstration of immunoglobulin A-bearing plasma cells in the lamina mucosa of the intestinal tract, albeit in reduced density. A similar combination of serum immunoglobulin A deficiency and intestinal lymphangiectasia was observed in man.I3 Macroglobulinemia associated with lymph stasis due to increased viscosity of the lymph has been claimed to be one of the causes of primary intestinal lymphangiectasia," however, these three dogs with intestinal lymphangiectasia had normal serum immunoglobulin M concentration. The dense immunoperoxidase staining for immunoglobulin M in the intestinal lymphatic vessels, which has been described in patients with macroglobulinemia, was not observed. l9 20, 42, 46 As in our study, a progressive decrease of the plasma cell density along the intestine was noted. However, we found a higher proportion of immunoglobulin A-producing plasma cells in the jejunum and i l e~m .~' .~~ Evaluations of plasma cell populations in the intestinal mucosa of dogs with intestinal lymphangiectasia have not been conducted previously. The present study showed a diminished plasma cell density in the proximal small intestine in dogs with intestinal lymphangiectasia accompanied by an absolute and relative increase of immunoglobulin G-containing plasma cells in the caudal small intestine. There is evidence that plasma cells concentrate around a focus of antigen in the intestine. 18,23.45 This explains the high number of plasma cells in the proximal small intestine, where under normal conditions the antigen load is maximal. In the case of diarrhea with the more rapid flow of ingesta through the intestinal tract, the antigen concentration and hence the plasma cell density in the proximal small intestine may be diminished.
The increase of plasma cell density in the caudal small intestine in dogs with intestinal lymphangiectasia as compared to normal dogs was mainly due to an increase in immunoglobulin G-containing plasma cells.
High densities of immunoglobulin G-containing plasma cells have been observed in ulcerative colitis in man and may be a sign of chronic inflammation.6 These cells probably represent a second line of defense against either antigens that gain entry to the intestinal mucosa through the damaged intestinal epithelium or antigens that are not satisfactorily handled by the local secretory immunoglobulin A and immunoglobulin M immune system.6
Infiltration of inflammatory cells into the intestinal mucosa may obstruct lymphatic flow and cause primary intestinal lymphangiecta~ia.~ We found a high density of immunoglobulin G-secreting cells in the caudal small intestine suggestive of an inflammatory reaction. However, lymphangiectasia occurred at all levels of the small intestine, the mesentery and the mesenteric lymph nodes, where signs of inflammation were not always observed. This indicates that the inflammatory reaction was the result of intestinal lymphangiectasia and not its cause.
In the three dogs described in this paper no primary cause of intestinal lymphangiectasia was found. Two dogs had diarrhea since their first months of life. Most likely all three dogs represent cases of primary intestinal lymphangiectasia caused by malformations of lymphatic vessels.34 We suggest, therefore, that the immunological abnormalities of the intestinal immune system and of the serum immunoglobulin levels are a result of the primary intestinal lymphangiectasia. 
